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(57) Abstract 

A dispersion having an aque- 
ous continuous phase is membrane 
filtrated in one or more membrane 
filtration steps, where a feeding dis- 
persion fed to a filtration membrane 
is separated in each step into a reten- 
tate retained by the filtration mem- 
brane and a permeate passing 
through said filtration membrane, 
whereby the retentate from one step 
can be used, if desired, as a feeding 
dispersion or a portion thereof in 
one or more succeeding steps. The 
permeate resulting from one or more 
steps is subjected to a concentration 
to form a concentrated fraction con- 
taining an increased concentration 
of the dry matter or a portion thereof 
present in the permeate, and this 

mSSwfS^^ 35 3 P ° rti0n ° f the feedin 8 dis P e ™n in one or more membrane filtration steps. A system for 
membrane filtrat,on of such d.spers.pn comprises one or.more membrane. filtration units each associated with a feeding pbe a 
retentate ex.t p.pe, and a permeate ex.t pipe, one or more of ihe permeate exit pipes (8- 1, 8 n+ » ) beina couoS to Eor 
more concerning unrts (10»-., I0n, , 0 n + ., ...) adapted to separate the permeate into a diluted foetid 

7£m*V m lT b f? ,g r Vided a " ? (12 "-' 12 " ,2 " + ' ~> for the dilu * d Action and aSn«n^S"S 
ToniS 1 Z V 0 ° r * Sa ' d c ?, n « ntration PiP« ^ing coupled to a return pipe (16-., ™ . 
...) open.ng on to one or more of the feedmg pipes (2-t, 2", 2«+>, ...) cf the membrane filtration unite ' 
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A system and a process for membrane filtration of a 
dispersion 



Technical Field 

The present invention relates to . a system for membrane 
filtration of a dispersion haying an. aqueous continuous 
phase, said system comprising one or more membrane filtra- 
tion units; also called primary membrane filtration units, 
where each unit is associated with a feeding pipe/ a reten- 
tate exit pipe, and a permeate exit pipe, said retentate 
exit pipe of one unit, if desired, being coupled to or 
being the only inlet to the feeding pipe of one or more 
succeeding units. 

Furthermore, the invention relates to a process for membrane 
filtrating a dispersion having an aqueous continuous phase 
in one or more membrane filtration steps, where a feeding 
dispersion fed to a filtration membrane is separated in each 
step into a retentate retained by the filtration membrane 
and a permeate passing through said filtration membrane, 
whereby the retentate from one step can be used, if desired, 
as a feeding dispersion or a portion thereof in one or more 
succeeding steps. 

A specific embodiment of the invention relates to a process 
for regulating milk solids components in concentrated milk 
products in connection with their manufacture, by ultrafil- 
tration of milk. The concentrated milk products achieved by 
this embodiment of the invention are preferably intended for 
the manufacture of cheese, in particular fresh unripened 
cheese, curd or cheese in brine, such as White Cheese, Feta, 
Domiaty, Mozz^rella, Kaskaval and Kefalotyri. 

Background Art 
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In order to support the understanding of the application 
some expressions used in the present specification and 
claims have been defined below* 

i 

5 Membrane filtration: Filtration through a membrane where 

a dispersion, here called a feed dispersion, is separated s 
intp a retentate not passing through the membrane and a 
permeate passing through said membrane* The retentate is a 
fluid dispersion in which the amount of dispersing phase has 
10 been increased relative to the amount thereof in the feed 
dispersion. Examples of membranes to be used by the membrane 
filtration are MF, UF, NF, and RO membranes, which have been 
defined in greater detail below* 

15 Retentate: The fraction of . a feed dispersion which is 
retained by a filtration membrane. 

Permeate: The fraction of a feed dispersion which passes 
through a filtration membrane. 
• 20 -' ' ^ ' • - . 

^ Microfiltratiori (MF): Filtration through an MF-membrane, 
i.e. a membrane of a pore size of 0.08 pm to 2.5 pm 
corresponding to a molecular cutoff value of 150 000 to 
5 000 000. 

25 ; . . "... ; '; 

Ultrafiltration (UF): Filtration through a UF-membrane, i.e. 
a membrane of a pore size of 0.002 pm to 0.4 pun correspon- 
ding to a molecular cutoff value of 500 to 800 000. 

30 Nanofiltration (NT) : Filtration through an NF- membrane , i . e * 
a membrane of a pore size of 0.0007 pm to 0*007 pm corre- 
sponding to a molecular cutoff value of 140 to 15 000. 

Hyperfiltration (HF) or reverse osmosis (RO): Filtration 
.35 through an RO-membrane. When an RO-raembrane is used, the 
permeate is nothing but water in some cases. In other cases 
metal ions and aqueous salts may also pass through an RO- 
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membrane. In connection with an RO-membrane it is hardly 
possible directly to refer to a pore size, but at least 
theoretically speaking a pore site of between 0 and 0.0015 
pm corresponding* to a mblecular cutoff vaiue of between 0 
5 and 300 applies. 

Diaf iitration; Filtration through a membrane, especially a 
UF-membratie or ah NF -membrane, where water has been added 
to the feed dispersion. It is possible to reduce the amount 
10 of permeable solids in the retentate by using diaf iitration. 

Feed dispersion: The material fed to a membrane filtration 
unit. The feed dispersion can be any type of dispersion 
where the disperse phase can include particles of molecular- 
disperse, colloid-disperse, and/or coarse-disperse particle 
sizes. In practise the present invention only refers to feed 
dispersions in which the continuous phase of the dispersion 
is based on water. 

Permeable solids: Solids capable of passing through the used 
filtration membrane, i.e. in practise all permeate ingre- 
dients apart from water. The ingredients of the feed dis- 
persion-tq-be-GOiisid 
the filtration membrane used. 

During the membrane filtration, the permeate containing 
permeable solids and water passes through the filtration 
membrane. The remaining portion of the feed dispersion, viz. 
the retentate, leaves the filtration unit without passing 
through the filtration membrane. The weight ratio of per- 
meate to retentate depends on various factors, such as the 
pressure difference above the membrane, the pore size of 
said membrane, thjB area as well as coating or fouling degree 
of said membrane. The individual membrane units may be 
coupled in series or in parallel. For some purposes, such 
as ultrafiltration of milk or milk products, the membrane 
capacity is advantageously utilized. by the individual mem- 
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brane units being coupled in series in such a manner that 
the retentate of the first membrane unit is used as feed 
dispersion in the succeeding membrane unit etc- 

5 The retentate leaving a membrane^ filtration unit represents 
per se a dispersion and accordingly it includes a disperse 
phase and a continuous phase. When the disperse phase 
exclusively contains particles unable to pass through the 
filtration membrane , and the continuous phase exclusively 

10 contains permeable solids and water, the continuous phase 
of the retentate is at least approximately of the same 
composition as the permeate. An exception may be the 
situation where in addition to particles being too large to 
pass through the membrane the dispersion also contains 

15 particles being permeable per se but which in practise 
adhere to the impermeable particles in the retentate with 

^ the result that the amount of said permeable particles in 
the permeate is lower than the amount thereof in the 
continuous phase of the retentate. 

20 

When it is desired that also relatively small particles or 
v- molecules are separated off as retentate, it is possible, 

at least theoretically, to carry put the filtration by means 

of a filtration membrane having a small pore size. In prac- 
25 tise problems do, however, arise as the filtration capacity 

is heavily reduced din connection with a reduced pore size. 

The choice of pore size of the membrane is thus of decisive 
importance for the capacity of a membrane filtration plant. 
30 A too large pore size has, however f the effect that some of 
the ingredients desired in the retentate follow the^ perme- 
ate. _ . 

When it is desired to ensure a retaining of ingredients of 
35 a relatively low molecular weight by using a membrane of a 
small molecular cutoff value, said membrane is, as previous- 
ly mentioned, quickly fouled with the result that the fil- 
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tration capacity is reduced. Accordingly, a demand exists 
for a system and a process ensuring on one hand a commer- 
cially acceptable filtration capacity and on the other hand 
that relatively low-molecular ingredients , or at least a 
portion thereof , can be maintained in the retentate. 

It t^ia^ami^'ttt' reduce the amount of permeable solids in the 
cbhtinuous phase of the retentate simply by diluting the 
continuous phase of the feed dispersion with water, i.e. by 
carrying Out a so-called diaf iltfatipn . Then it is possible 
to obtain a larger permeate fraction while the amount of 
retentate is unchanged. In case of dissolved permeeible 
solids, the concentration thereof in the continuous phase 
of the feed dispersion is reduced by the diaf iltrat ion, 
whereby the concentration and conse- quently also the amount 
of the permeable solids are reduced in the continuous phase 
of the retentate. 

Attempts at increasing the amount of the permeable solids 
in the retentate have revealed, that such an increase 
requires a feeding of said solids to the feed dispersion. 
In connection with production of retentate .; to be used in 
articles of fppd , such an addition is, however, undesired 
and in some cases, such as in connection with milk products, 
even directly forbidden in some countries. 

The above problems of membrane filtrating fat and protein- 
containing aqueous dispersion are within the food industry 
for instance f ounci in the production of many dairy products 
where a starting material or an intermediary product, such 
as milk, milk products or milk-like products, is concen- 
trated by way of ultrafiltration in an ultrafiltration 
plant. This ultrafiltration plant is based on an ultrafil- 
tration membrane (UF membrane) retaining fat and protein 
whereas lactose, low-molecular protein substances, salts, 
and water can pass through the UF membrane. 
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Cow's milk, which may be homogenized, is generally used as 
a starting material in the manufacture of cheese according 
to the classic method. The milk may be used as whole milk, 
i.e. with its total solids content, or with a reduced fat 
5 content, or with an increased fat content by the addition 
of cream. . 

In the manufacture of cheese it is known to ultraf iltrate 
the milk to the desired solids content in the finished 

10 cheese. This is normally done in a commercial ultrafiltra- 
tion system comprising a plurality of modules, each of which 
is composed of a plurality of membrane coated plates which 
together provide the desired membrane area in each module. 
Ducts are arranged in the module and conduits between the 

15 modules such that the liquid to be concentrated is conveyed 
through the modules substantially in series, while the 
permeate id conveyed in parallel from these to a collector. 
Such, ultrafiltration of milk primarily involves concen- 
trating the protein and fat content of the milk, while a 

20 majox* portion of lactose and salts enters into the permeate 
from the ultrafiltration. 

US patent specification No. 4 497 836 discloses a process 
for producing a whey concentrate which is suitable for use 

25, in infant food formulas, wherein cheese whey is subjected 
to ultrafiltration to produce a protein-rich retentate frac- 
tion and a lactose-rich permeate fraction, said permeate 
fraction having a mineral salt content from the whey of 9- 
12% on dry solids basis, the permeate fraction is subjected 

30 to concentrating and deminer;alization by reverse osmosis or 
: -Concentrating=rby^yacuum-evappratip 

lizsitipn by electrodialysis, and the demineralized permeate 
is blended with the protein-rich retentate from the ultra- 
filtration in such proportions as to provide the desired 

35 lactose and mineral salt contents in the blended product. 
This process thus involves ultraf titration of whey, wherein 
mineral salts are removed from the permeate, while lactose 
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is retained to the greatest extent possible and added to the 
concentrated product from the ultrafiltration.-. 
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Lactose is a low-molecular substance and is therefore only 
retained to a; slight degree by ultrafiltration. Thus the 
lactose usually follows the aqueous permeate in dissolved 
form, which means that the concentration of lactose in the 
retentate is usually substantially lower than the concen- 
tration of lactose in the feed material. 



The ultrafiltration of dispersions is often performed as a 
stepwise process, the retentate of the first step being used 
as feed dispersion in the succeeding step. The ultrafiltra- 
tion can often be combined with diaf iltration, according to 
15 which water is added to the feed dispersion in one or more 
of said steps. 

If the ultraf iltered dispersion for instance is a milk 
product , it is possible to reduce the content of lactose in 
the retentate by way of diaf iltration independent of the 
amount of fat and protein contained therein as it is pos- 
sible to vary the amount of water being added to the feed 
dispersion. The addition of large amounts of water has the 
effect that the concentration of lactpse in the water phase 
25 is reduced. The portion of the water phase remaining in the 
retentate contains thus a lower amount of lactose . In other 
words, a higher amount of lactose enters the permeate phase. 



The diafiltratipn can also be used for regulating the 
content of minerals in the retentate, such as dissolved 



The permeate resulting from the membrane filtration is often 
a waste product involving disposal /problems due to the high 
35 content of permeable solids, such as lactose, as such solids 
may have a strongly polluting effect on the environment. 
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In addition, some of the substances present in the permeate 
are desirable in some type of products, and accordingly a 
selective retaining of some of these substances in the 
retentate resulting from the membrane filtration would be 
advantageous. 

EP publication No. 460 339 (Perry et al. ), cf . in particular 
Example VII and Fig. l r discloses a process and an apparatus 
for removing undesired ingredients, such as citric acid); 
from materials based on water, sucli as citrus juice. Accor- 
ding to the process, the jujbce is f ir s t^eperated-^>y ^icro - 
filtration into a retentate containing the dispersed, sub- 
stantially solid pulp substances of the juice, and a 
depulped permeate. Subsequently, the depulped permeate is 
subjected to an electrodialysis , whereby the citric acid is 
removed. The resulting deacidified and depulped permeate is 
carried to an intermediary tank in which it is remixed with 
the pulp-containing retentate from the microfiltration , 
whereby it is possible to remove reproduced r deacidified 
citrus juice from the intermediary tank. 

In order to ensure a possibility of regulating the product 
flows in such a manner that the microfiltration and the 
electroanalysis can be carried out in an optimum manner, the 
25 apparatus known from EP 460 339 has in a manner known per 
se been provided with a recirculation pipe carrying the 
material from the intermediary tank back to the feed side 
of the microfiltration unit. The returning of the deacidi- 
fied permeate fraction is, however, not carried out direct- 
30 ly, but not until said permeate fraction has been mixed with 
=~^^^e^etenta^ 

pulp phase to the continuous ; phase is almost identical with 
the weight ratio in the original, jiontreated citrus juice. 
Thus it is not possible to obtain a retentate with a high 
35 content of solids and an increased content of permeable 
solids. 
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DE Offenlegungsschrift No. 36 26 498 (Roiner) discloses a 
process for preventing a coating or fouling of an ultrafil- 
tration membrane by returning the retentate to the feed side 
prior to the actual concentration and in addition by subjec- 
5 tin§ the permeate to a desalting arid/ot pH-adjustment by way 
of ion exchange, electrolysis; or dialysis in such a manner 
that a portion of the permeate flow is also returned to the 
feed side of the UF membrane. By being mixed with the reten- 
tate, the desalted or pH- adjusted permeate ensures that the 

10 proteins contained therein provide a reduced tendency to 
fouling. When the conductivity of the mixed phase has 
dropped below a predetermined value, the concentration of 
the feed dispersion by way of ultrafiltration can be carried 
out with a reduced fouling and consequently an increased 

15 filtration capacity. The DE Offenlegungsschrift do not 
suggest a returning of the permeate alone to the feed 
dispersion, and the returned permeate has been desalted 
and/ or pH-ad justed and cannot thus be considered a cpn- 
centrated fraction of the permeate with an increased 

20 concentration of permeable solids.. 

^ T Thus none of the above publications provide the person 

skilled in the art with a guideline for meeting the above 
demand for a process and a system ensuring both a commer- 
25 cially acceptable filtration capacity and that relatively 
low-molecular compounds or at least a portion thereof can 
be maintained in the retentate.. 



30 
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Brief Description of the Invention 



-A— de man d st ill ex is t s f or a way of increasing— tfae— eontent- 



of permeable solids in a retentate resulting from a membrane 
filtration. This object has been obtained by the system and 
the. process according to the invention. 

The system according to the invention for membrane filtra- 
tion of a dispersion having an aqueous continuous phase 
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comprises one or more membrane filtration units, also called 
primary membrane filtration units > where each unit is asso- 
ciated with a feeding pipe, a retentate exit pipe, and a 
permeate exit pipe, said retentate exit pipe of one unit, 
5 if desired, being coupled to or being the only inlet to the 
feeding pipe of one or more succeeding units, and is charac- 
terized in that one or more of the permeate exit pipes (8 n ~ x , 
8% ft** 1 ; are coupled to one or more concentrating units 

(10 n " x , 10 n , 10 n % • . . ) adapted tcT separate the permeate into 
10 a diluted fraction and a concentrate; each concentrating 
unit being provided with an exit (12 n ^, 12 n , 12 n *V . . . ) for 
the diluted fraction and a concentration exit pipe (14 n ^, 
14 n , 14 n * x , . , . ) for the concentrate, said concentration exit 
pipe Jbeing coupled to a return pipe (16 11 " 1 , 16 n , 16 nn , ...) 
I-. 15 opening on to one or more of the feeding pipes (2 n ~ 1 , 2 n , 
2** 1 , of the membrane filtration units. 

The return pipe may advantageously be coupled to one or more 
• **• feeding pipes of the associated membrane filtration unit 

20 (4 n ) and/or one or more of th& preceding membrane filtration 
units 4 n ~ 2 , 4 n " 1 ). 

& According to an advantageous embodiment of the system accor- 

ding to the invention, said system may comprise one or more 
25 groups of intercoupled concentrating units coupled to a 
common return pipe. 



Such groups may include concentration units coupled in 
series, where the concentrate exit pipe of a first concen- 
30 tr^ting unit is coupled to a succeeding second concentrating 

— un-irW- — ■ — - z — ' ■ — ■ 

According to an alternative, embodiment, the system may as 
concentrating unit comprise a first membrane unit and a 
35 second membrane unit of a pore size being smaller than. the 
pore size of . the first membrane unit, and by the permeate 
exit pipe of the first membrane unit being coupled to the 
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second membrane unit. In such a system, a permeable solid 
matter of an average molecular weight in the permeate from 
the first membrane unit can be removed from the retentate 
resulting from" the first membrane filtration, while a rela- 
tively low-molecular permeable solid matter is returned^ to 
the first membrane unit in such a banner that the content 
Of such a relatively low-molecular permeable solid matter 
is increased in the first retentate. 

in the system 1 according to the invention, the membrane 
filtration System may advantageously be a microf iltratibn 
unit or an ultrafiltration unit. ' 

In the system according to the invention, the concentrating 
unit may advantageously be a centrifugal unit, an evapora- 
tion unit or a secondary membrane filtration unit, or a 'com- 
bination thereof. '■■■>.■■ 



According to an advantageous embodiment of the system, the 
2Q concentrating unit is a secondary membrane filtration unit, 
which comprises a membrane, called a secondary membrane, of 
a smaller pore size than the membrane, called a. primary 
membrane, provided in the primary membrane filtration unit 
(4). 



According to. a further advantageous embodiment of the system 
according to the invention / ^js,pjciroary^membrane-filtration 
unit is an ultrafiltration unit, and the concentrating unit 
comprises a nanofiltration unit (120) with a retentate exit 
pipe (.124) for the retentate and a permeate exit pipe (122) 



-.^^-^^r^the^perae^ 



coupled to an Rp-unit (126) provided ' with a permeate exit 
pipe (112) and a retentate exit pipe (114), and where the 
retentate exit pipe (114) is coupled to the return pipe 
opening on to one or more of the. feeding pipes (2 nLl , 



2" j2^*, 102) of -thjB T _primary- merabrane^uni-t s", 
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The process according to the invention for membrane filtra- 
ting a dispersion having an aqueous continuous phase in one 
or more membrane filtration steps, where a feeding disper- 
sion fed to a filtration njerabrane is separated in each step 
5 into a retentate retained by the filtration membrane and a 
permeate passing through said filtration membrane, whereby 
the retentate frppi one step can be used, if desired, as. a 
feeding dispersion or a portion thereof in one or more 
succeeding steps, is characterized by subjecting the perme- 

10 ^te. resulting frpm one or more steps to a concentration to 
form a concentrated fraction containing an increased concen- 
tration of the dry matter or a portion thereof present in 
the permeate, and by the concentrated fraction being return- 
v ed as a portion of the feeding dispersion in one or more 

15 membrane filtration steps. 

Such a concentration may advantageously be carried put by 
&t way of centrifuging, evaporation or membrane filtration or 

■ by a combination of several of said concentrating methods, 

20 

When the concentration is carried out by way of membrane 
filtration, a secondary membrane is advantageously used, 
said secondary membrane having a smaller pore size than the 
pore. size of the primary filtration membrane used for mem- 
25 brane filtrating the feeding dispersion. 

-When- the-priraary- membrane- is an ^ultrafiltration membrane, - 

the concentration may advantageously be carried out by way 
of one or more secondary membrane filtrations while using 
30 one. or more. NF-membranes , RO-membranes or a combination 

of desired permeable solids. 

By the process according to the invention, the dispersion 
.35 used as starting material may advantageously be a fatty and 
protein-containing dispersion to be used within the food 
industry. 
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-process-according— to- the^invention-may-advantageous-ly- 
be. carried out by way pfdiafiltration. As a result, it: is 
f ? r instance possible to reduce the amount of ;undesired 
permeable solids in the . retentate , the permeate being 
-5- subjected to a selective concentration and, returning . of 
particularly selected permeable, solids, desired in the 
retentate. 



10 



According to a particular embodiment, the concentration may 
thus be carried out by way of a combination of a nanofil- 
tration membrane and an RO-membrane, the permeate of the 
nanofiltration membrane being used as feed dispersion for 
the RO-membrane, and by the concentrate resulting from the 
RO-membrane being returned to the feed dispersion for the 
15 primary membrane filtration by way of ultrafiltration. 



It: ls possible b y maans nf +h 0 oyc t^ acc ording to the 
invention to obtain an economical profit by enriching the 
v content of solids with permeate ingredients as the solid 

20 ingredients following the permeate are usually rather 
■St * inexpensive relative to the fat and the protein substances . 

W>u An, increase of the content of lactose and/or the mineral 

content in the retentate renders it possible to affect the 
properties of the p roduct, as thR rnnnl steacy n nd tho 



25 



taste, so as to be a more creamy sweet product, said 
properties being preferred in specific product types. 

An i mport a nt a dv a nt a ge ga ine d by using tho oyotem-according- 



30 



to the invention is that foreign substances are not added 
to the product, because the concentrated permeate contains 

-zrzr^^exaetiy^^erWb^^ 

as starting material. This advantage makes the process 
according to the invention particularly, attractive in 
connection with treatment of articles of food. 

3 5 ' ' '" ! ' '' . •'• ' ; 

_ In .a specif ic -embodiment-of -the-invent-ion^ 
provide a process. for regulating milk solids components in 
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concentrated milk products in connection with their manu- 
facture by ultrafiltration of milk, making it possible to 
regulate the percentage of the individual solids components 
individually, in particular the content of protein and 
5 lactose with respect to total solids and fat content. This 
enables direct manufacture of a very great variety of cheese 
products haying very different organoleptic properties. 
Further, it generally involves better utilization of the 
solids components of the milk, and it also makes it possible 

10 to regulate the consistency of the final cheese product, 
since more lactose with respect to protein generally gives 
a more spreadable product- A special advantage of the 
invention is that the regulation can be performed in line 
in the manufacture of cheese so that no foreign ingredients 

15 are added to the cheese* Finally, the process of the inven- 
tion entails that the excess products (permeates) are either 



ronmental problems , : or so concentrated that they can be sold 
as they are for use in feeds or for production of lactose 



20 powder. 



This is achieved, by an embodiment of the process of the 
^ invention which is characterized in that the permeate frpm 

— — a-fi^Bit^s^ 



25 with a portion; of the permeate from a second step of the 
ultrafiltration, is subjected to hyper filtration or nano- 
f iltratipn or evaporation, and a portion of or the entire 

— — c oncentrate - obtained i s i ritr od43€ od into th e second-Btep-of- 



the ultrafiltration which is carried out to the desired 
30 solids content, 



Whole milk is pretreated by separation and pasteurizatiicyn 
For, certain products the fat portion is homogenized as , a 
cream. Optionally, all the milk may be homogenized. Also, 
35 the fat content may be reduced by separating cream, or be 
— — -increased -by ~add£tion-Qf—creani^- - - — — - - — — 
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10 



30 



35 



Ultrafiltration is employed for concentrating the fat and 
protein of the milk. The ultrafiltration is generally per- 
formed at a temperature in the range of 40-60 °C to a solids 
concentration of 18-50 %: 



In the process according to this embodiment of the invention 
the ultrafiltration is carried out in at least two steps. 
Both step' 1 and step 2 of the ultrafiltration normally com- 
prise several ultrafiltration modules. The permeate from UF 
step 1 is concentrated by hyperf iitration, nanofiltration 
or evaporation, in line or batohwise. To adjust protein and 
lactose, the concentrated retentate from the HF/NF system 
is added in the part of the ultrafiltration system having 
the greatest concentration of S, i.e. UF step 2. The effect 
15 of this is that a larger water soluble solids content, 
primarily lactose, enters into the product. The use of 
— hyperf iitration or evaporation in nrpaspa -t-h^ i »r>i 



as well as the content of salts and ash components . The use 
of nanofiltration increases the lactose content alone, while 
20 the ash and salt . content is reduced . 



When hyper filtration is used, the UF 1 permeate is cooled 
'"* f rom the ultrafiltration temperature 40-60 °C to approxi- 



mately 30 °C. pH is adjusted to 5.9-6.1 prior to the intro- 
25 duction into the HF system. The working pressure is adjusted 
on the retentate valve to max. 3 MPa. 

Depending on the a djustment, th s- solid s c o ntent i s increased 

during the concentrating from the introduction value 5 . 7-10% 
to the maximum value at. the adjusted pressure. Any variation 
3&twe e tr-1 0==and=j£ 3 s %=S^a pggs 



f erred solids content in the retentate from the hyper filtra- 
tion is 15-19%. 



In nanofiltration, a varied temperature may be used, de- 
pending upon the type of the nanofiltration system. It is 
the type of system and membrane that decides the working 
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Isemperalnxre^^The—va:!^ 
and solids concentrations of 10-40 % may generally be 
obtained at these temperatures. 

5 When evaporation is used, the permeate from UF . step 1 ;is 
conveyed at the ultrafiltration temperature 40^60 °C to £n 
evaporator for concent r at iori to the desired final solids 
content, which may be 10-50%, preferably 20-40%. 

10 Regulation of the solids components of the milk may be 
effected individually for each solids component. , The fol- 
lowing milk solids components are involved: fat, protein, 
lactose, ash and salt. 

15 The niembrane(s) used in the system according to the inven- 
^ tion as well as by the process according to the invention 

; for the concentration of the permeate or a portion thereof 
/ ■ is/are below called secondary membranes or membrane type II 

or merely membrane II in order to distinguish these membra- 
$v«. 20 nes from the membrane receiving the feed dispersion, said 
membrane in the present specification also being called a 
^ primary membrane or membrane type I or merely membrane . I . 

The scope of applicability of the invention will become 
25 apparent from the detailed description given hereinafter. 
However, it should be understood that the detailed descrip- 
tion and specific examples,, while indicating preferred 
— — — — ernhnrt i mp t nt s n f thft invp . ntinn f tsre> giwm by way nf illimtyft- 



tion only, since various changes and modifications within 
30 the spirit and scope of the invention will become apparent 



35 The present invention is based on the principle that some 
of the sol^d matter ingredients passing through the primary 
membrane in form of a permeate are concentrated by centrifu- 
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ging f evaporation or by _membrane filtration on a secondary 

membrane being tighter than the. primary membrane, arid ,in 
such a manner that a concentrated fraction of the permeate 

* can be returned to the primary membrane unit • In this manner 

5 it is possible to increase and regulate the content of solid 
matter ingredients in the retentate, even when a primary 
membrane is used which is of a pore size usually causing 
portions of the &olid matter ingredients to enter the 
permeate. 

10 

Fig, 1 ill ustraub^^ of the system accor- 

ding to the invention comprising a single membrane filtra- 
tion unit and the associated concentration unit. 

^ v 15 Fig. 2 illustrates an intercoupling of several of the basic 
units shown in Fig. 1. 

$ Fig. 3 illustrates a basic. unit of a partipular embodiment, 

where the membrane filtration unit is an ultrafiltration 

%\ 20 unit, and where the concentration unit comprises a nano- 
filtrat ion unit and an RO-unit. 

# Fig. 4 illustrates an embodiment of the system according to 

*?■ the invention including a plurality of ultrafiltration units 

25 coupled in series and two RO-units as concentration units, 
where the flows of permeate from . the individual ultrafil- 
tration units together are carried to the R0-units # and 

where the total amount of concentrated permeate is returned 

and distributed over suitably selected ultraf iltration units 
30 of the units coupled in series. 

Fig. 5 is a flow diagram illustrating an embodiment of the 
: process, according to the invention as def ined in claim 18. 

35 Fig. 6 is a flow diagram illustrating an embodiment of the 
_ 1 . „pjrocess_acx:ording_ ( ^ as _def inedL ih claira_ 19_. 



10 



30 
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The basic principle- of-the-inventixm-appears-; fgom-F-l-g-i-^T- 
where the material to be membrane filtered is introduced 
through a feed pipe 2 to a membrane filtration unit 4, in 
wh A9 h . a separation is carried out into a retentate ^ leaving 
through a retentate exit pipe .6,.. and a permeate leaving 
through a .permeate, exit; pipe 8 . The permeate exit pipe is 
connected to a concentration unit 10, in which a separation 
is carried out into a diluted fraction discharged at 12, and 
a concentrate removed, through a concentrate exit pipe • 14, 
The concentration process can be carried out in any conven- 
, tional_manner., such - as by way of rcentrifuging . or evapora- 



tion r where the "diluted fraction'* discharged at 12 is water 
steam being evaporated, or membrane filtration, which can 
- be carried out by means of one or more membrane f iltration 

:■„, 15 units of the same type or different types* The concentrate 
or a portion thereof removed through the concentrate exit 
A* pipe 14 is carried by means of a return pipe 16 to the feed 

pip 6 2 , : bsf pre the membrane filtration unit, where said 
s»a. concentrate is mixed with the introduced feed material. 

20 . \ ;: ; 

v The basic principle shown in Fig. 1 has been further, deve- 

loped in Fig. 2, in which a membrane filtration is performed 
in a manner known per se by means of several membrane units 
coupled in series. Thus the feed dispersion is fed through 
25 a feed pipe 2 n_1 to a membrane filtration unit 4 B ' 1 , where a 
permeate 8"' 1 and a>etentate 6"" 1 are formed. The retentate 
6 n-1 is carried through a feed pipe 2° to the succeeding 
membrane filtration unit 4°. whom «>p flTO Hnn 4 B 
performed into a permeate 8 n and a retentate 6", which in 
turn are carried to the succeeding membrane filtration unit 
,4"^stc.--ThuB^p n oh^ 



with a permeate exit pipe 8" coupled to a Concentration unit 
-2.0" — with— a — Derrosate — px-vt- — ataa — %3P-~ and — a — concentrat es 



pipe 14° which, can be returned through a return pipe 16" to 
35 the feed pipe 2" of the same membrane filtration unit 4". 
The concentrate can, howiiy^„aJLsjo_be__r^^ 
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~ _oi^ore~pipes^8",^18?!^^.^^^ 

membrane filtration units 4 1 ?' 1 , 4 n ~ 2 .-. a . 

Fig. 3 - illustrates a particular . embodiment of the system 
5 according to , the invention where . the feed dispersion is 
introduced through a feed pipe .102 to an ultrafiltration 
unit 104 while forming a retentate drained off through a 
retentate exit pipe 106 and a permeate drained off through 
a permeate, exit pipe 108 . The permeate or a portion thereof 
10 is carried to a nanof iltration unit 120 while forming a 
retentate drained off through a retentate exit pipe 124.. In 
addition, a permeate is formed which is drained off through 
a permeate exit pipe 122. The permeate from the nanof iltra- 
tion unit 120 or a portion thereof is carried to an RO-unit 
1 15 126 provided with a permeate exit pipe 112 and a retentate 
exit pipe 114. The retentate from the RO-unit or a portion 
p : thereof is returned through a return pipe 116 to the feed 

dispersion feed pipe 102. When such a system unit is used, 
? > the solids capable of passing through the ultrafiltration 

4<W 20 membrane, but jiot the nanof iltration membrane can be. remo- 
ved, while desired solids capable of passing through the 
nanof iltration membrane, but not through the RO-merabrane can 
be concentrated and returned to the ultrafiltration unit. 
The .unit shown in Fig. 3 , can, of cpurse, be coupled % to 
25 several corresppnding units in the same manner as shown for 
the unit in Fig.l coupled in series as shown in Fig. 2. 



tion is shown in Fig. 4, By this embodiment, a plurality of 
30 ultrafiltration units are coupled in series (UF), and the 



coupled in series. The system comprises an inlet 201 for the 
-^tarl^ng-materira l to be~fi^tered-r^uch--as--miirk , said inle t- 
being coupled via a vessel 203 to a feed pipe 202 to a first 
35 ultrafiltration unit 204 . The ultrafiltration unit 204 is 



circuit 205 on the feed /retentate side r said recirculation 
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circuit 205 comprising a pump 207 ensuring the necessary 
filtering pressure r as well as a retentate exit pipe 206 
coupled to a feed pipe 209 to the succeeding ultrafiltration 
unit 211. As illustrated in Fig. 4, the ultrafiltration unit 
5 211 and the succeeding ultrafiltration units are designed 
in the same manner as the ultrafiltration unit 204 r as all 
said units are provided with corresponding recirculation 
circuits with pump and retentate exit pipe, 

10 A permeate exit pipe 208 of the first ultrafiltration unit 
204 is together with the permeate exit pipes of the remai- 
ning ultrafiltration units coupled to a common permeate pipe 
213 in turn coupled to a first RO-unit 210. Like the ultra- 
filtration units, the first RO-unit 210 is provided in a 
a; 15 conventional manner with a recirculation circuit 215 with 
* a pump 217 and a concentrate exit pipe 214, here an R0- 

retentate pipe, as well as an exit 212 for a diluted frap^- 
*. tion, here RO-permeate. ; The concentrate exit pipe is coupled 

to a succeeding RO-unit 219 designed in the same maimer as 
20 the BO-unit 210. A concentrate exit pipe 221 from the RO- 
unit 219 is coupled to a return pipe 216 in turn coupled to 
• one or more of the recirculation circuits of the ultrafil- 
tration units. In the embodiment shown in Fig, 4, the return 
pipe 216 is coupled to the third, the fourth, and the fifth 
25 ultrafiltration unit in a series of six ultrafiltration 
units. The ultrafiltration membrane of the ultrafiltration 

unit is typically of a molecular cutoff value of .between 

in nnn ggg ?n nnn m 



30 Fig. 4 also shpws the following, material flows: 



(A) : starting material in form of a dispersion with 
— : — — an^^eous-continuQus^>has e> — 



35 (B): UF-penneate, 



(Bl): Excess permeate. 
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( B2 ) : UF-^perraeate to RO . . 

(C) : ; UF-retehtate. 1 

5 (D): , RO-retentate. 
(E): RO-permeate. 

In the embodiment ^whfere the concentration is carried out by 
10 way of membrane filtration, the process can be performed as 
shown in Figl : 1; the membrane filtration unit 4 being mem- 
brane type I and the concentration unit 10 being membrane 
type II. In this embodiment, a feed material is fed as feed 
dispersion to a membrane of the type I, such as an ultra- 
15 filtration membrane while forming a retentate and a permeate 
I. A large or small portion of the permeate I can then be 
. subjected, to a. further .membrane filtration on a .membrane__of. 

membrane type II, i.e. for instance an NF-membrane, an RO- 
^ membrane or a UF-membrane of a smaller pore size than 

*%i < 20 membrane I. As a result a permeate II is formed, and a 
• concentrate is formed as retentate. The concentrate or a 

portion thereof can be returned so as to be mixed into the 
:! v fed feed dispersion, whereby the resulting retentate is 

;d enriched with substances from the : .concentrated permeate. 



25 



Several parameter? can . be used for obtaining the desired 
composition of the retent at e. Th us t&e^otl:^ 
rnnrfintrafprl p^~"~~-»-n nr nnly pnrtlnna th o r o of ran b a- 



returned. It is also possible to carry out a concentration 
30 of the permeate in one or more steps. By using a multi- 
Es s&^ efe CQnc o ntra^^ ^ 
to use various types of membranes pf their respective pore 
size. Such a fractioning in several steps can, of course, 
be carried out both during a posttreatment of the initially 
35 formed concentrate or duiring.a posttreatment of the initi- 
ally__fonned_permeate 
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Examples of such processes are for instance: 

The permeate resulting from ultrafiltration is subjected to 
reverse osmosis (RO), arid the RO-concentrate or a portion 
thereof is returned tb the UF- system. 

The permeate resulting from the ultrafiltration is subjected 
to a naridf iltration (NF), arid the NF-concentrate or a por- 
tion thereof is returned to the UF- system. 

The permeate resulting from the ultrafiltration is subjected 
to an NF-£iltratiori, and the NF-permeate is then subjected 
to an RO-f iltration, whereafter the RO-concentrate or a 
portion thereof is returned to the UF- system. 



It appears that by a suitable selection of the concentration 
unit, such as by the selection of membrane sizes, in a 
selective and regulated manner it is possible to return 
desired substances to the primary membrane filtration unit, 
20 arid thereby to obtain an increased and controlled concen- 
tration of these substances in the obtained retentate. 

^ The returning of a desired fraction of the permeate con- 

centrate renders it possible to develop many interesting 
25 product improvements and new products . Thus the use of the 
system according to the invention for treatment of milk 

— I ^products-based on^a-suitable~fractioning-renders-it-possible 

retentate without thereby involving an increase in the 
30 retentate of monovalent salts to a significant degree. On 
=^^The=other^hand^:fe^ 



of monovalent salts . without increasing the content of 
lactose. The latter can thus be obtained by combining an NF- 
membrane and tt an; . RO-membrane uriit , r where the lactose is 
35 retained in the NF-retentjate and where the NF-permeate 
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as there to be returned in form of retentate to the primary 
membrane filtration unit. 

The content of lactose and minerals in the resulting reten- 
5 tate has a high effect on many important properties of the 
finished product, such as taste, consistency/ gelling capa- 
city, heat stability, colour etc., and accordingly a great 
demand exists for the possibility of regulating. the concen- 
trations of such ingredients. 

10 . / ' ... i ' \" \_ . ' 

It is, o^ course, an advantage that it is possible to 
maintain the content of solids in the retentate using a 
product which was previously considered a by-product, a& it 
is possible to obtain a high yield with respect to weight 

15 and to reduce the amount of by-products which are difficult 
to dispose. 

The system and the process according to the invention have 
been developed in connection with ultrafiltration of milk 
20 or milk products. It is, however, possible as feed dis- 
persion to use any dispersion having an aqueous continuous 
phase. In addition to milk and milk products, blood and 
waste water can be mentioned as examples of such 
dispersions. 

25. _^V"'l - L : i _ . : - . ... ; 7 . _•; 

-The- various- possible combinations in the specific embodiment 

of_ the^nvention^relatin^ 

=&e£^^^ iliti" — = 

strated more fully by the following flow diagrams with 
3P reference to Figs . 5 and 6 on the accompanying drawings; . 

Flow diagram Fig. 5 

Milk treatment _ Centrifugation. 
35 Optional cream homogenizat ion . \ 

— : — =— f — B aateuasissa^io n 7 2-7 5 ° C/lj5 s. — ■ 
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Ultrafiltration step 1 Temperature 40-55 °C, 

Permeate B, 5.7^10% S. 
Retenfate t, 15-35% S.' 

5 Hyper /handfiltration Permeate B from UFstep 1 is ? 
or evaporation concentrated to desired solids • 

Permeate D for discharge. 
Retentate/concentrate Ei+Ei r 10-20% 
S by hyperf titration, 10-40% S by 
10 nanof titration and 10-50% S by 

evaporation." 

Ultrafiltration step 2 Part of the retentate/concentrate 

Ei from HF/NF or evaporation is 
- 15 conveyed together with the re ten - 

tate C from UF step l f and the 
mixture F is introduced into UF 
* A step 2 and concentrated to 25-50% 

S in the retentate H. The permeate 
*' ! ' 20 G is conveyed together with excess 

-i retentate/concentrate E 2 , and the 

*' mixture can be sold as a feed or 

^ - L-_... . _ _ ^ . be -used- f or the production of _ - ... 

lactose powder. 

25 



— * Flow diarrram Fia. 6 
















Bomo 


ou"Obovo 






30 Ultrafiltration step 1 


Same 


as above 





Hyper/nanpfiltration Permeate B from UF step 1 is 
-or-e vap oration conveyed^togethe r with a — recyoled- 



portion of permeate Gi from UF 
35 step 2 and is concentrated to 

■ ■■■■ ■ desiredwS^-:PCTmeate-D T for 
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discharge. Retentate/concentrate E 
same S as above. 

Ultrafiltration step 2 The retentate/concentrate E from 
5 HF/NF or evaporation is conveyed 

together with retentate C from UF 
step 1, and the mixture F is 
introduced into UF step 2 and 
concentrated to 25-50%. S in the 

10 retentate H. 

Part of the permeate G, . is 
recycled for HF/NF or evaporation ; 
the residue G 2 can be sold as a r 
feed or be used for the production 

15 of lactose powder. 

Danish cow's milk contains the following solids 
ingredients on an average: 

Protein 3.40%, of which NPN 0.25%, 
20 real protein 3.15% 

Lactose 4.70% 
Acid 0.30% 
Ash 0.63% 
Fat 4.20% 



25 



-If _a^J.ow^f at^content ^in^-the= cdncGntrated^milk^product^is^ 



jdesired,^ 



the fat is retained in the retentate, while protein is 
30 retained with more than 90% depending upon membrane density. 

^^^rhus^ 



is adjusted by the fat percentage. 

Depending upon the desired final S in the product , S is 
35 selected in UF. Between 25 and 31% S in the UF 1 retentate 

C i s pJtoS-en^n^o&t^f^h 



of cases with a final S in the retentate H from UF 2 of 30% 



WO 93/22037 Best Available Copy 



PCT/DK93/00148 



26 

(examples 5 and 9), 16% S is chosen in the retentate C from 
UF 1. 

The parameter most frequently used for adjusting lactose in 
5 the product is the amount of retentate/concentrate Ei which 
is added to UF 2, combined with S in the retentate C f rom 
OF 1, compared with the final S in the retentate H from UF 
2. A lower S in the UF 1 retentate C and/or a larger amount 
of Ei and/or a higher S in Et results in an increased lac- 

10 tose percentage in the final product, A lower S percentage 
in the retentate from UF 1 necessitates a greater system 
capacity of the HF/NF/evaporation system. The above para- 
- • meters are therefore selected on the basis of the most 
economical operation with respect to system size, membrane 

15 area and energy consumption. 

> The system and the process of the invention will be illu- 

;: : strated more fully by the following working examples with 

reference to the drawings. 



20 



EXAMPLE 1 



The present example illustrates the use of a system as shown 
in Fig. 4 for ultrafiltration of milk. The used ultraf iltra- 
25, tion membranes have a molecular cutoff value of approximate- 
ly_15_Q0Q_M._ln_the Jable^^shown^bQlow-^-the -weight ratios^a^ 



stated in k g/h f or the individual materia ls,. the_sqlid_ 

.ifiinntnnt -f f ■) A^gi nnirjlif nnri nhn nnntnrti off ftlin mnn» 

important ingredients are stated in % by weight relative to 
30 the total amount of solids. The Table shows both the oompo- 



by means of a corresponding conventional ultrafiltration 
system structured in t&e^sauna^ 



without the concentration and returning of a concentrate 
35 with an increased concentration of permeable dry substances. 
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Table - Ultrafiltration of milk 





Material 


Amount (kg/h) 


Composition (% by weight) 










System accor- .. 
ding to the 
invention 


Conventional 
system . 






(A) Milk 


10,000 


TS: 13.5% • 
Fat: 4.6% 
Protein: 3,4% 
Lactose: 4.6% 


TS : »12>5% ■ 
Fat: 3.6% 
Protein: 3% 4% 
Lactose: 4.6% 




I 


(B) UF-perme- 
ate 


9 , 222 


TS: 7.3% 
Fat: 0.0% 
Protein: 0.3% 
Lactose: 6.2% 


TS: 5.8% 
Fat: 0.0% 
Protein: 0.2% 
Lactose: 4.9% 






(Bl) Excess 
permeate 


4,430 


As (B) 








( B2 V oiarmpa'fc^ 
to RO 




As (B) 


. 




% 


(C) UF-reten- 
tatci 


2,594 


TS; 39.5% 
Fat: 17.7% 
Protein : 


TS: 39,5% 
Fat: 17.7% 
Protein: 










12.7% " 


17. 3* 

T.ar*1*nQD • *5 A.Sr 






( D ) RO-reteri- 
tate 


1,816 


TS: 19.0% 
Fat: 0.0% 
Prntftiny 0 6%., 






n 






Lactose : 
16.3% 






■* 


(Ej RO-penne- 
ate 


2,976 


TS: 0.1% 
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It appears that it is possible produce a UF-retentate having 
a desired content of solids arid fat , here 39.5% by weight 
and 17.7% by weight, respectively, with a content of only 
12.7% by weight of protein representing the most expensive 
5; ingredient by means of the systfem according to the inven- 
tion. On. the other hand 16;3% by weight of protein are 
necessary for the production of a UF-permeate containing 
39.5% by weight of solids and 17.7% by weight of fat when 
Si a conventional ultrafiltration system without a returning 
10; of permeable solids is used. 

EXAMPLE 2 

Re gulation of T solids_compositipn T by .concentrating whole milk 
15 to a product which is useful for the manufacture of fresh 
soft spreadable cheese having a low fat content. 

Desired Properties 

Solids, % Approx. 30 

20 Fat in solids, incl. 1.20 % salt, % Approx. 35 

Protein, % Approx. 11 

Lactose, % Approx. 7 

The procedu re proceeds according Aq _the_ flow .diagram in. Fig. 
25j 5, the fat content in the starting milk being reduced to 



4=, 3-25% Hy gopaTrPitTQTi of rrpnm thp ill trnfi ItrnHon -in ^1-f*n 


h 


1 . beincy run to a solids content of. 27% in the retentate C, 











UF 1, the residue. E» of the HF retentate being conveyed 
30 together with the permeate G from UF 2 to provide a mixture 
— ti%s^t — cB^^^b^ ^^s ^^^^^^&s^rO^jieod — or- — be -use d f or— ^— fchci^ -production— of - 
lactose powder. This procedure results in the following 
amounts and compositions of the various process flows; 
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UF step 1 HF 











Whole milk 


Permeate 


Retentate 


Permeate 


. Ffataitate 


- 








A 




' C 


. .. ■ D 


Er+E, 


A 




Amounts, 1 




:.. .' ■" 
.11000 


7784.62 


3215.38 


. • ... 
5244.37 


■ 

642.08 


















1897.17 






Protein % 




3.15 


0 01 


10.. 75. 


0 


,0.03 






NPN, ' 




■■: U. 25 


ft oo 

U . 23 


U. 30 


0. 00 


0.40 






Lactose, % 




4.70 


5.13 


3*66 


0.02 


16.31 






Acid, % 




0.30 


0.20 


0.54 


0 


0.71 






Total ash, 


% 


0.63 


0.63 


0.63 


0.01 


1.49 






Fat', % 




3.25 


0 


11.12 


0 


0 






Solids., % 




12.28 


6.20 


27 


0.09 


19 
































UF step 2 














Feed 




Permeate 














p 

* 




G 

V7 • 










Amounts, 1 




3858.46 




643.08 




3215.38 






Protein % 




8 97 




0 01 




10 76 






NPN, . % . 




0 . 33 




0.23 




. .0.39 






T »a 

LaCtOSB, 




0 . / / 




/ . OO 




o . y z 






Acid, , % 




0.. 57 




0.30 




0.68 






Total .ash, 


%- 


0^77 




0.63 




0.93 






Fat, % 




9.27 




0 




11.12 






Solids, % 




25.67 




9.05 




30.80 






































"a : • • _ ........ .j. , 


<* 
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EXAMPLE 3 

Regulation Of solids composition by concentrating whole milk 
to a product which is useful for the manufacture of f eta 
5 cheese in brine. 

Desired Properties ; 

Solids , % Approx. 40 

Fat in solids , incl. 3.50 salt, % Approx. 40 

10 Protein, % Approx. 11 

Lactose, % Approx. 10 

~ The procedure proceeds according to the flow diagram iri Fig. 
5, the ultrafiltration in step 1 being run to a solids 

15 content of 28% in the retentate C, 20% HF retentate E, being 
added to the retentate C from UF 1, the residue E 2 of the HF 
retentate being conveyed together with the permeate G from 
UF 2 to provide a mixture that can be sold as a feed or be 
used for the production of lactose powder. This procedure 

20 results . in the following amounts and compositions of the 
various process flows. 
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UF step 1 HF 







Whole milk 


Permeate 


Retentate 


Permeate 








A 


B 


C 


D 


Ei +E, 


Amounts , I 




11000 


6594.71 


4405.29 


4442.75 


881.06 














1270.90 


Protein, % 




3.15 


0.01 


7.85 


0 


0.03 


"MOM $k 






U • ZO 


n oo 
u • zo 


u • UD 


n aa 


Lactose, % 




4.70 


5.13 


4.06 


0.02 


16.31 


Acid, % 




0.30 


0.20 


0.45 


0 


0.71 


Total ash, 


% 


0.63 


0.63 


0.63 


0.01 


1.49 


Fat, . % 




5.50 


0 


13.75 


0 . 


0 . 


Solids, % 




14.53 


6.20 


27 


0.09 


19 










UF step 2 










Feed 




Permeate 




Iteteitate 






F 




G 




H 


Amounts, 1 




5286 .35 




1919.25 




3367.10 


Protein, % 




6.55 




0.01 




10.28 


NPN, % 




0.31 




0.23 




0.49 


Lactose, % 




6.10 




7:88 




9.57 


Acid, % 




0.49 




0.30 




0.77 


Tbtal ash, 


% 


0.77 




0.63 




1.21 


Fat," % 




11.44 




0 




17.97 


Solids, % 




25.67 




9.05 




40.30 
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EXAMPLE 4 

Regulation of solids composition by concentrating whole milk 
to a product which is useful for the manufacture of feta 
5 cheese in brine. 

Desired Properties : 

Solids, % Approx. 40 

Fat in solids, incl. 3.50% salt, % Approx. 50 

10 Protein, % Approx. 7 

Lactose, % Approx. 8 

— ^'-^The procedure proceeds-according -to-the~flowdiagram-in-Fig7- 
5., the_ultrafilteation_in_step_l_being 

1-5 content-of-^ 30-5-12%^ in^ the-^ retentate~G^-20%— HF--retentate~E^ 

being added to the retentate C from UF 1, the residue E a of 
the HF retentate being coneyed together with the permeate 
G f rom UF 2 to provide a mixture that can be sold as a feed 
or be used for the production of lactose powder . This 

20 procedure results in the following amounts and compositions 
of the various process flows: 
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UF step 1 HF 







Whole milk 


Permeate 


Retentate 


Permeate 








A 


B 


C 


D 


Ei +E, 


Amounts, 1 




11000 


5099.92 


5900.08 


3435.73 


1180.02 














484/17 






O IK 
O • ±D 


n ni 
u . Ul 


J.OD 


u 




NPN, % 




0.25 


0.23 


0.27 


0.06 


0.46 


Lactose, % 




4.70 


5.13 


4.33 


0.02 


16.31 


Acid, % 




0.30 


0.20 


0.39 


0 


0.71 


Total ash, 


% 


0.63 


0.63 


0.63 


0.01 


1.49 


Fat, % 




10 


0 


18.64 


0 


0 


. Sol ids * 




19.03 


6.20 


30.12 


0.09 


19 


*!-'•; . ; • r — - — — . . ' " 










UF step 2 










Feed 




Permeate 




RilfcuLdLti 






F 




G 




H 


Amounts, 1 




7080.10 




2022.89 




5057.21 


Protein, % 




4.89 




0.01 




6.85 


NPN, % 




0.30 




0.23 


* 


0.42 


Lactose, % 




6.33 




7.88 




8.86 


Acid, % 




0.44 




0.30 




0.62 


Total ash, 


% 


6.77 




0.63 




1.08 


Fat, % 




15.54 




0 




21.75 


Solids, % 




28.27 




9.05 




39.57 



DCDi Ar.PMFMT<eu-tPPT 
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EXAMPLE 5 

Regulation of solids composition; by concentrating whole milk 
to a product which is useful for the manufacture of feta 
5 cheese in brine. 

Desired Properties : 

Solids, % Approx. 42 

Fat in solids r incl* 3.50% salt, % Approx. 45 

10 Protein, % Approx. 10 

Lactose, % Approx- 10 



"The^procedure proceeds accordin^ 

5, the fat content in the starting milk being increased to 
15 6.90% by addition of cream, the ultrafiltration in the step 
1 being run to a solids content of 28 . 58% in the retentate 
— ~G 7 -20% ~HF retentate Ei being added to the retentate G from 
UF 1, the residue E» of the HF retentate being conveyed 
together with the permeate G from UF 2 to provide a mixture 
20 that can be sold as a feed or be used for the production of 
lactose powder. This procedure results in the following 
amounts and compositions of the various process flows: 
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UF step 1 



HF 







Whole milk 


Permeate 


Retentate 


Permeate 


Ffefcentate 








B 


C 


D 


Et+Ei 


Amounts , 1 




11000 


6217.39 


4782.61 


4188.56 


956.52 
1072.31 


Protein, % 




3.15 


0.01 


7.23 


0 


0.03 


MDM 2- 
riJrvt , *© 




n ot; 


U. ZJ 


V.Zo 


0.06 


0.46 


Lactose, % 




4.70 


5.13 


4.14 


0.02 


16.31 


Acid, % 




0.30 


0.20 


0.43 


0 


0.71 


Total ash, 


% 


0.63 


0.63 


0.63 


0.01 


1,49 

< 


Fat , % 




6.90 


0 


15.87 


0 


0 


; , ;; . . Solids, % 




15.93 


6.20 


28.58 


0.09 


19 










UF step 2 










Feed 




Permeate 




Retaliate 






F 




G 


• 


H 


Amounts, 1 




5739.13 




2060.20 




3678.93 


Protein, % 




6.63 




0.01 




9.41 






u • oX 




0. 23 




0.48 


Lactose, % 




6.17 




7.88 




9.62 


Acid, % 




0.48 




0.30 




0.74 


Total ash, 


% 


0.77 




0/63 


■ i 


1 .21 


Fat; % 




13.23 




0 




20.63 


Solids,' % 




26.98 




: 9.05 




42.09 
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EXAMPLE 6 

Regulation of solids composition by concentrating whole milk 
to a product which is useful for the manufacture of light 
5 feta cheese in brine or spreadable cheese. 

Desired Properties : 

Solids,, % Approx. 30 

Fat in solids, incl- 2.50 % salt, % Approx. 20 

10 Protein, % Approx. 10 

Lactose, % Approx. 12 

The procedure proceeds according to the flow diagram, in Fig. 
5 , the fat content in the starting milk being reduced to 

15 2.20% by separation of cream, the ultrafiltration in step 
1 being run to a solids content of 16.26% in the retentate 
C, 20% HF retentate E, being added to the retentate C from 
UF 1, the residue E 3 of the HF retentate being conveyed 
together with the permeate G from UF 2 to provide a mixture 

20 that can be sold as a feed or be used for the production of 
lactose powder. This procedure results in the following 
amounts and compositions of the various process flows: 
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UF step 1 




HF 




Whole milk 


Permeate 


Retentate 


Permeate 


Retaliate 




A 


B 


C 


D 


E.+E, 


Amounts/ 1 


11000 


5500.00 


5500.00 


3705.26 


1100.00 












694.74 


Protein, % 


3.15 


0.01 


6.29 


0 


0.03 


NPN, % 


0.25 


0.23 


0.27 


0 06 


0 46 


Lactose, % 


4.70 


5.13 


4.27 


0.02 


16.31 


Acid, % 


0.30 


0.20 


0.40 


0 


0.71 


Total ash/ % 


0.63 


0.63 


0.63 


0.01 


1.49 


Fat, , % 


2.20 


0 


4.40 


0 


0 


Solids, % 


11.23 


6.20 


16.26 


0.09 


19 










UF step 2 








Feed 




Permeate 




Retaliate 




F 




G 




H 


Amounts , 1 


6600.00 




3032:43 




3567 . 57 


Protein, % 


5.25 




0.01 




9.71 


NPN, % 


0.30 




0.23 




0.56 


Lactose, % 


6.28 




7.88 




11.61 


Acid, % 


0.45 




0.30 




0.84 





Total asn, * 


0777 


— 0.63 ' 




■ 1.43 






Fat, %" 


3.67 


0 




6.78 






Solids, % 


16.72 


9 .05 




30.93 
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EXAMPLE 7 

Regulation of solids composition by concentrating whole milk 
to a product which is useful for the manufacture of feta 
5 cheese in brine. 

Desired Properties ; 

Solids, % Approx. 40 

Fat in solids, incl. 4.20% salt, % Approx. 40 

10 Protein, % Approx. 15 

Lactose, * Approx. 6 

The procedure proceeds according to the flow diagram in Fig. 
5, the fat content in the starting milk being reduced to 
3*5^*^ of cream >: ^ 

1 being run to a solids content of 30.11% in the retentate 

— ^,^5%-4IF-reten1^e^t^eing^dd 



1, the residue E* of the HF retentate being conveyed 
together with the permeate G from UF 2 to provide a mixture 
20 that can be sold as a feed or be used for the production of 
lactose powder. This procedure results in the following 
amounts and compositions of the various process flows: 



VJ/ZZIM/ Avaj | ab | e C0py 



PCT/DK93/00148 



39 







UF steD 1 

W* w WWW J. 




HF 




Whole milk 


Permeate 


Retentate 


Permeate 


FfetailHte 




ft 


B 


c 


D 


E, +E, 


Amounts , 1 


11000 


7857.14 


3142.86 


5293.23 


157.14 












2406.77 


Protein; % 


3.15 


0 01 

W • W 1 


11 00 


0 


0.03 


NPN, % 


0 25 

W * W 


0 23 

w • W 


0 30 

W . WW 


0 06 

W * WW 




Lactose, % 


4.70 


5.13 


3.63 


0.02 


16.31 


Acid, % 


0.30 


0.20 


0.55 


0 


0.71 


Total ash, % 


0.63 


0.63 


0.63 


0.01 


1.49 


Fat, % 


4.00 


0 


14.00 


0 


0 


Solids, % 


13.03 


6.20 


30.11 


0.09 


.19, .00 



UF step 2 



Feed Permeate R ete nt ate 

F G H 



Amounts, 1 3300.00 873.53 2426.47 

Protein, % 10.48 0.01 14.25 

NPN, % 0.31 0.23 0.42 

Lactose, % 4.23 7.88 5.75 

Acid, % 0.56 0.30 0.76 

fetal ash, % 0.67 0.63 0.91 

Fat, % 13.33 0 18.13 

Solids, % 29.58 9.05 40.22 
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EXAMPLE 8 

Regulation of solids composition by concentrating whole milk 
to a product which is useful for the manufacture of feta 
5 cheese in brine. 

Desired Properties : 

Solids, % Approx. 40 

Fat in solids , incl. 4.20% salt, % Approx. 40 

10 Protein, % Approx. 8 

Lactose, % Approx. 12 

The procedure proceeds according to the flow diagram in Fig. 
6, the ultrafiltration step 1 being run to a solids content 

added to the permeate B from UF 1 and 40% HF retentate E 

being^^ed^ti^lie^ete UE_l^tiie^j^^^ 
^ the permeate from UF 2 being recovered and being useful as 

a feed or for the production of lactose powder. This 
K 20 procedure results in the following amounts and compositions 

of the various process flows: 
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UF step 1 



HF 





Whole milk 


Permeate 


Retentate 


Permeate 


Retaliate 




A 


B 


C 


D 


;s 


Amounts , 1 


11000 


5500.00 


5500.00 


3627.11 


2200.00 


Protein, % 


3.15 


0.01 


6.29 


0 


0.03 


NPN, % 


0.25 


0.23 


0.27 


0.06 


0.46 


Lactose, % 


4.60 


5.40 


3.80 


0.02 


16.31 


Acid, % 


0.30 


0.20 


0.40 


0 


0.71 


Total ash, % 


0.63 


0.63 


0.63 


0.01 


1.49 


Fat, % 


7.55 


0 


15.10 


0 


0 


Solids, % 


16.48 


6.47 


26.49 


0.09 


19,00 



Feed 
F 



UF step 2 



Permeate 
Gi+G» 



Retentate 
H 



''■■ y - Amounts, 1 

Protein, % 
NPN, * 
Lactose , % 
Acid, % 

^oTadt^ashT - %" 



Fat, % 
Soiids, % 



7700.00 

4.50 
0.32 
7.37 
0.49 

6t88- 



10.79 
24.35 



; 327.11 
2706.22 
0.01 
0.23 
7.88 
0.30 
0T63- 



0 

9.05 



4666.67 

f 

7.43 
0.54 
12.17 
0.81 
1 .44 



17.80 
40.18 
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EXAMPLE 9 

Regulation of solids composition *by : concentrating whole milk 
to a product which is useful for the manufacture of feta 
cheese in brine. 

Desired Properties : 

Solids , % Approx. 40 

Fat in solids , incl. 4.20% salt, % Approx. 40 

Protein, % Approx. 12 

Lactose, % Approx. 8 

The procedure proceeds according to the flow diagram in Fig. 
1 with evaporation of the UF 1 permeate, the ultrafiltration 

retentate C, 20% evaporation concentrate E T being added to 

the ratentate G from UF l r the residue E, Qf the concentrate 

being conveyed together with the permeate G from UF 2 to 
provide a mixture that can be sold as a feed or be used, for 
20 the production of lactose powder. This procedure results in 
the following amounts and compositions of the various 
process flows: 



5 



10 
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UF step 1 



HF 





Whole milk 


Permeate 


Retentate 


Permeate 


RstenrtirtH 




A 


B 


C 


D 


Ei +Ei 


Amounts , 1 


11000 


7071.43 


3928.57 


4861.61 


785.71 












1424.11 


Protein, % 


3.15 


0.01 


8.80 


0 


0.03 


NPN, % 


0.25 


0.23 


0.29 


0.02 


0.67 


Lactose, % 


4.47 


5.40 


2.80 


0 


17.28 


Acid, % 


0.30 


0.20 


0.48 


0 


0.64 


Total ash, % 


0.63 


0.63 


0.63 


0.01 


1.98 


Fat, % 


4.90 


0 


13.72 


0 


0 


Solids, % 


13.70 


6.47 


26.71 


0.03 


20.61 



Feed 

F 



Permeate 

G 



Retentate 

H 



Amounts,. 1 


4714.29 


1730.-56 




• 2983.-73- 


Protein, % 


7.34 


0.01 




11.60 


NPN, % 


0.35 


0.23 




0.55 


Lactose, % 


5.21 


7.88 




8.23 


Acid, % 


0.51 


0.30 




0.80 


Total ash, % 


0.86 


0.63 




1.35 


Fat, % 


11.43 


0 




18.06 


Solids, % 


25.70 


9.05 




40.60 



wu V3/22U37 Best Available Copy 



PCT/DK93/00148 



- 44 

EXAMPLE 10 

Regulation of solids composition by concentrating whole milk 
to a product which is useful for the manufacture of light 
feta cheese in brine or spreadable cheese. 



Desired Properties : 

Solids, % Approx. 30 

Fat in solids, incl. 2.50% salt, % Approx. 20 

10 Protein, % Approx. 10 

Lactose, % Approx. 12 

The procedure proceeds according to the flow diagram in Fig, 
1, the ultrafiltration in step 1 being run to a solids 
— content^of ^27%— an^the-^ 

being added to the retentate C from UF 1 , the residue E 8 of 

_th e H F retenta te bein g c onve y e d , - t oge th er with t he permeate. 

G from UF 2 to provide a mixture that can be sold as a feed 
or be used for the production of lactose powder. Working in 
20 this manner results in the following amounts and 
compositions of the various process flows: 
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UF step 1 HF 
Whole milk Permeate Retentate Permeate R gtenbate 
A B C D E,+E, 



■'7/ 



Amounts, 1 



11000 



5500.00 5500.00 



3781.25 



1485.00 
233.75 



Protein, % 


3.15 


0.01 


6.29 


0 


0.03 


NPN, % 


0.25 


0.23 


0.27 


0.02 


0.67 


Lactose, % 


4.59 


5.40 


3.78 


0 


17.28 


Acid, % 


0.30 


0.20 


0.40 


0 


0.64 


Total ash, % 


0.63 


0.63 


0.63 


0.01 


1.98 


Fat, % 


2,25 


0 


4.70 


0 


• o, 


Solids, % 


11.27 


6.47 


16.07 


0.03 


20.61 



UF step 2 

Feed Permeate Retentate 





F 


6 


H 


Amounts, 1 


6985.00 


3104144 


3880.56 


Protein, % 


4.96 


0.01 


8.93 


NPN, % 


0.36 


0.23 


0.64 


Lactose, % 


6.65 


7.88 


11.97 


Acid, % 


0.45 


0.30 


0.81 


Total ash, % 


0.92 


0.63 


1.65 


Fat' % 


3.70 


0 


6.66 


Solids, % 


17.03 


9.05 


30.66 



The invention being thus described, it will be obvious* that 
the same may be varied in many ways. Such variations are not 
to be regarded as a departure from the spirit and scope of 
5 the invention, and all such modifications as would be obvi- 
ous to one skilled in the art are intended to be included 
within the scope of the following claims. 



WO 93/22037 Best Available Copy 



PCT/DK93/00148 



46 

PATENT CLAIMS 

1. A system for membrane filtration of a dispersion having 
an aqueous continuous phase , said system comprising one or 

5 more membrane filtration Units , also called primary membrane 
filtration units , where each unit is associated with a 
feeding pipe, a reteritate exit pipe, and a permeate exit 
pipe, said retentate exit pipe of one unit, if desired, 
being coupled to or being the only inlet to the feeding pipe 

10 of one or more succeeding units, aha r a c t e r i z e d 
by one or more of the permeate dxit pip£s (8 n ~ l , 8 n , 8** 1 , 
• • . ) being coupled to one or more concentrating units (lO*' 1 , 
10 n , 10 n+1 , . adapted to separate the permeate into a 
diluted fraction and a concentrate, each concentrating unit 

=±5 - being-p rov ided wit h a n- exi t <12 n r V"^ V == ^ T , T ui L he 

diluted fraction and a concentration exit pipe (14 n ~*, 14 n , 
i4 n * l r . ♦ * . ) for the concentrate, said concentration exit pipe 
being coupled to a return pipQ (IG"" 1 , 16% 16 ntl , - ♦ . ) 
opening on to one or more of the feeding pipes (2 n ~ x , 2 n , 

20 2 1 ** 1 , . ..) of the membrane filtration units. 

2. A system as claimed in claim 1, cha r a c t e r i,- 
zed by the return pipe (16?) being coupled to one or more 
feeding pipes of the associated membrane filtration unit 

25 (4 n ) and/or one or more of the preceding membrane filtration 
units 4 n ' 2 , 4"" 1 ). 



"^3T " A. s^tem^as ^ei^ 

zed by comprising one or more groups of intercoupled 
30 concentrating units coupled to a common return pipe. 



4. A system as claimed in claim 3, characteri- 
zed by comprising one or more groups of concentrating 
units coupled in series; where the concentrate exit pipe pf 
35 a first concentrating unit is coupled to a succeeding second 
concentrating unit. 
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5. A system as claimed in claim 3, characteri- 
z e d by comprising as concentrating unit a first membrane 
unit and a second membrane unit of a pore size being smaller 
than the pore' size of the first membrane unit, and by the 
permeate exit pipe of the first membrane unit being coupled 
to the second membranfe unit. 

6. A system as claimed in claim 1, c haracteri- 
z e d by the membrane filtration unit (4) being a micro- 
filtration unit or an ultrafiltration unit. 

7. A system as claimed in claim 1, 2 or 3, charac- 
't e r i z e d by the concentrating unit ( 10 ) being a 
centrifugal unit> an evaporation unit or a secondary 

^embrane=fdr3rtratio n unit or-a combination- t hereof . 

8. ^^A system-as-elaimed-in-Gl — 
zed by the concentrating unit (10) being a secondary 
membrane filtration unit, which comprises a membrane, called 
a secondary membrane, of a smaller pore size than the mem- 
brane, called a primary membrane, provided in the primary 
membrane filtration unit (4), 

9. A system as claimed in claim 1, character! - 
. z- .e, <J. by thf primary membrane filtration unit being an 

ultrafiltration unit (104), and by the concentrating unit 
comprising^auian 

pipp -(rl ^4 - ^ 

for the permeate, where the permeate exit pipe (122) is 
coupled to an RO-unit (126) provided with a permeate exit 
^ipe^^3^^and-=a-r et ent ate-exit -pipe^t^H^T^and-where^ the- 
retentate exit pipe (114) is coupled to the return pipe 
(116) opening on to one. or more of the feeding pipes (2 n ~ 1 , 
2 n , Z nm * l f 102) of, the primary membrane units. 

10. A process for membrane filtrating a dispersion having 
an aqueous continuous phase in one or more membrane filtra- 
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tion steps, where a feeding dispersion fed to a filtration 
membrane is separated in each step into a retentate retained 
by the filtration membrane and a permeate passing through 
said filtration membrane, whereby the retentate from one 
5 step can be used, if desired, as a Ceding dispersion or a 
v portion thereof in one or more succeeding steps; c h a — * 
r a c t e r i z e d by subjecting the permeate resulting 
from one or more steps to a concentration to form a con- 
centrated fraction containing ah increased concentration of 
10 the dry matter or a portion thereof present in the permeate, 
and by the concentrated fraction being returned as a portion 
of the feeding dispersion in one or more membrane filtration 
-'•steps. 

15 - — 1 1. A pi ouess as^erlaimed -i nr-c laim 1 0, c-h^arr a c t e r i - 
z e d by carrying out the concentration by way of 
centrifuging, evaporation or membrane filtration or by a 
combination of several of said concentrating methods. 

20 12. A process as claimed in claim 11, characteri- 
zed by carrying out the concentration by way of membrane 
filtration while using a secondary membrane of a smaller 
pore size than the pore size of the primary filtration mem- 
brane used for membrane filtrating the feeding dispersion. 

25 /. / . 

13. A process as claimed in claim 12, character! - 
7^eM 3 ^ b ^t h e = pi ^ 

~~ braii e" 0M^ 

one or more secondary membrane filtrations while using one 
30 pr more NF-membranes, RO-membranes or a combination thereof . 

14. A process as plaime^ in any of claims 10 to 13, c h a - 
r a c t e r i z e d by the dispersion used as starting 
material being a fatty and/or protein-^containing dispersion, 

35 preferably a milk product - 

JL5. A . process as claimed, in any of claims 10 to 14, c h a r 
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racterized by carrying out the primary membrane 
filtration by way of diaf iltration. 

16. A process as claimed in claim 13 , character i- 
5 z e d by carrying out the concentration by means of a com- 
bination of a nanofiltration membrane and an RO-men[ibrane, 
the permeate of the nanofiltration membrane being used as 
a feeding dispersion for the RO-membrane, and by the concen- 
trate resulting from the RO-membrane being returned to the 

10 primary ultrafiltration feeding dispersion. 

17. A process according to claim 10 for regulating milk 
solids components in concentrated milk products^ in con- 
nection with their manufacture by ultrafiltration of milk, 

= 1 5 eh a~r a~c t e r 1 z e d by^subjecting^the permeat g^fronr 
a first step of the ultrafiltration, optionally together 

w i-^h— a— port ion— of -ythe- permeate -f rom— a— second— step-of -the 

ultrafiltration, to hyperf iltration or nanofiltration or 
evaporation, and introducing a portion of or the entire 
20 obtained concentrate into the second step of the ultrafil- 
tration which is carried out to the desired solids content. 



18. A process according to claim 17, characteri- 
zed by adding a portion, of or t)ie entire concentrate from 
25 hyperfiltration/rianofiltration/eyaporation of the permeate 
from step 1 of the ultrafiltration to step 2 of the ultra- 
— ^ -f -i ^trftMon^ ■ - — 



19. A process according to claim 17, characteri- 
30 z e d by adding the entire concentrate from hyperf iltra- 
tion/nanofiltration/evaporation of a combination of the per- 
meate from step 1 of the ultrafiltration with a portion of 
the permeate from step 2 of the ultrafiltration to step 2 
of the ultrafiltration. 



35 



20. A process according to any of claims 17-19, cha- 
racterized by carrying out the ultrafiltration in 
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step 1 to a solids content in the retentate of 15-35%, pre- 
ferably 25-31%. 

21. A process according to any of claims 17-20, c ha 

5 r a c t ex i z e d by carrying out the ultrafiltration in 
step 2 to a solid& content in the product of 18-50%, prefe- 
rably 25-50%. 

22. A process according to any of claims 17-21, c h a - 
10 racterized by using hyperfiltration at approx- 
imately 30 °C and pH 5,9-6.1 Of the permeate from step 1 of 
the ultrafiltration to a solids content in the : concentrate 

v of 10-22%, preferably 15-19%. 

15 23. A process according to any of claims 17-21, cha- 
racterized by using nanofiltration at 20-60 °C of 

— — — the^permeate~:from-step-^^ 



content in the concentrate of 10-40%. 

& 20 24. A process according to any of claims 17-21 , c h a - 

r a c t e r i z e d by using evaporation of the permeate 
from step 1 of the ultrafiltration to a solids content in 
the concentrate of 10-56%, preferably 20-40%. 



25 25.. A process according to any of claims 17-24, c h a - 

racterized by regulating the protein/fat ratio in 
th e^crencentraLted^ 



the-starting^mi-lfc^ 



30 26. A process according to any of claims 17-25, c h a - 
■ - -r- a- e-t- e r i z e~d in that -the- proportipn- of lactose in 
the concentrated product is increased by a lower solids con^ 
tent in the retentate from step 1 of the ultrafiltration 
and/pr greater addition of concentrate from the hyperf il- 

35 tration/nanofiltration/evaporation to step 2 of the ultra- 
filtration and/or a greater solids content in the concen- 
trate from the hyper /nanofiltration, and vice versa. 



Best Available Copy 



PCT/DK93/00148 




PCT/DK93/00148 





Fig. 3 



wu W/22U37 Best Available Copy 



PCT/DK93/00148 




™w Best Available Copy PCT/DK93/00148 




Fig. 5 



HF/NF 

or 

Evaporator 



E Gj 6 2 



B 



UF-l- 



-UF~2- 



H 



ig. 6 





"y^V&tmtoaBfemM , 

PCT/DK 93/00148 






A. CLASSIFICATION OF SUBJECT MATTER 


IPC5: B01D 61/58. A23C 9/142, A23C 19/05 

According 10 International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
rnpc nmn aqop 

IPCb: B01D, AZ3C 


Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 

SE DK FI NO classes as above 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

WPI, CLAIMS/US PATENTS, BIOSIS. AGRICOLA, CAB, FSTA, CA 


L~ UUUUMtNIi lAJNolUcKcU 1U DC KtLtVANl 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevanl to claim No. 


A 

A, ■ 


EP, A2, 0335647 (ROMIC0N,INC), 4 October 1989 
(04.10.89), figures 1-5, claims 1,9 

EP, Al, 0404057 (DIRECTOR OF NATIONAL FOOD 

RESEARGH^NSffl^ 


1-5,9-10 
1-5,9-10 




A „, 


FORESTRY AND FISHERIES), 27 December 1990 
(27.12.90), figure 1, claims 1,3,11-13 

Patent Abstracts of Japan, Vol 12, No 353, C-530, 
abstract of JP, A, 63-111904 (KURITA WATER IND 
LTD), 17 May 1988 (17.05.88) , 


1,9 






...... 










j^^Euriher^dpc^ ^ =Scttipaie»t;family^tnnatr—- — — - 





> 






* Spedat categories of cited docoments: T* ; later document published after the international filing date or priority 

'A* document defining the general state of the an which is not considered £^3? t Sf^^^fe^ *** * Bndenland 
to be of particular relevance principle or theory underlying the invention 

*E* eriier document but published on or after the international filing date "X* document of particular relevance: the claimed invention cannot be 
"L* document which may throw doubts on priority daim(s) or which is Tf^^J? C ^ > \ h l considered to involve an invenhve 
rittti to csublijii the publication date of another citation cr other , step when the document is taken alone 

special reason (a; specified) , »y» . document of particular relevance: the claimed invention cannot be 
*0" document referring to an oral disclosure, use, exhibition or other : considered to involve an inventive step when the document u 

means > •> , . ^ ■ -•-rombintd , wiih one or more other such documents, such combination 
"P* document published prior to the international filing date but later than being obvious to a person skilled in the art 

the priority date darned m &* document member of the same patent family 


■ • 


Date of th$ actual completion of the international search 
6 Auoust 1993 


Date of mailing of the international search report 

.. ,, 1 0 -08- 1993 


Name and mailing address of the ISA/ ( 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile Klo. +46 8 666 02 86 


Authorized officer 

INGA-KARIN PETERSSON 

Telephone No. + 46 8 782 25 00 





Form PCT/ISA/210 (second *heet) (Jury 1992) 



A1U1V1VI 



PCT/DK 93/00148 



C (Continuation): • DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Dialog Information Service, File 51, FSTA, Dialog 
accession no.00048244, FSTA accession no. 72-05- 
vp0758, FentonHfay, R.I.: ,l The use of reverse osmosis 
and ultrafiltration in the food industry", Disserta- 
tion Abstracts International . Section B. The Scierr- . 
ces and Engineering 1971, 32 (6) 3323-3324: Order 
no. 71-25469 r 



DE, Al, 2354475 (AZIENDA MUNICIPALE DELLA GENTRALE 
DEL LATTE), 16 May 1974 (16.05.74), figure 2, 
claim 1 



Dialog Information Sefvice , Fi le 50, CAB abstracts, 
Dialog accession no. 1215157, CAB accession no. 
0DQ54-0Q170, Hramtsov, A.G. et al .-"Milk sugar 
making by Membrarife techno 1 ogy " , Brief Communica- 
tions of the XXIII International Dairy Congress,, 
.Montreal, October 8-12, 1990, Vol. II. 



1-26 



1-26 



1-26 



Dialog information Service* File 50, CAB abstacts, 
Dialog accession no. 0403724 CAB accession no; 
OD048-OO742, Fiedler, J.: "Formati on of deposits by 
milk salts and whey proteins during evaporation of 
* whey and ultrafiltration permeate in a falling-film 
evaporator. Ansatzbildung durch Milksaltze und Mol- 
kenproteine beim Eindampfen von Molke und UTtrafil- 
trations-Permeat in einem Fallfilmverdampfer. V 
Thesis, Technische Universitat Miinchep, 1985, 215pp. 
(9pp. of ref.) ■ 



1-26 



Dialoff^I^ 



-^-26= 



Dialog accession no. 1008615, CAB access ion no. 
0D042-04188, Erristrora, C.A. et al ; : VCheese base for 
processing. A high yield product from whole milk by 
ultrafiltration; 11 Journal of Dairy Science 1980, 63 
(2), 228-234 (15 ref.) ";/. 



Form PCT/1S A/210 (continuation of second sheet) (July t992) 



PCT/DK 93/00148 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant lo claim No. 



Dialog Information Service, File 5, BIOSIS, 

Dialog accession no. 245576, BIOSIS accession no. 
66002181, Newstead, D.Fv et al. : ?, The use of perme- 
ate front the[ ui-trafi}tr^t1on >4 of wHey for standardi- 
zing the protein concentration of recornbjned evapo- 
rated milk."; Ni Z J Dairy Sci techno! 12 (3), 1977, 
(reed 1978) 146rl51 ; 



1-26 



-i 



Form PCT/lSA/210 (continuation of second sheet) (July 1992) 





_ . _ iiiiauauuiiai cuuuvauuu 

1 InformB^toAyaite*3^fiy3^bcTS 

02/07/93 PCT/DK 93/00148 


< 

I; 




Patent document Publication Patent family Publication 
cited jn search report member(s) date 


EP-A2- 0335647 04/10/89 AU-A- 3174389 05/10/89 

AU-A- 3175089 05/10/89 
EP-A- 0335648 04/10/89 


EP-AI- 0404057 27/12/90 JP-A- 3021326 30/01/91 

US-A- 4990257 05/02/91 
US-A- 5096590 17/03/92 


DF-A1- 2354475 16/05/74 NONE 




• 
















1 

V 



Form PCT/1SA/210 (patent family annex) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

SI BLACK BORDERS 

HI IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

U LINES OR MARKS ON ORIGINAL DOCUMENT 

HI REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



